Background: Commercial sex venues (CSV), bathhouses and sex clubs, have a long history of serving a high-risk population. In those facilities, patrons engage in multiple sexual encounters and often in highrisk sexual behaviors. Designing prevention interventions specifically for CSVs could be an effective way to increase testing and control HIV transmission.
Introduction
Early identification of human immunodeficiency virus (HIV) infection and linkage-to-care is a proven and effective strategy to prevent further transmission of HIV and improve health outcomes. Individuals who are aware of their HIV status are more likely to engage in behaviors that protect their sexual partners such as serosorting or condom use (1) . However, barriers prevent people at risk to seek and receive testing services. Those include the availability of services, lack of convenient, private and confidential places (2) , and most importantly stigma (3) . Novel approaches are necessary overcome those barriers.
Our team used vending machines to distribute home HIV
Original Article
Vending machines in commercial sex venues to increase HIV self-testing among men who have sex with men self-test kits to high-risk men who have sex with men (MSM) (4) (5) (6) . Users characterized the vending machine as an acceptable model of delivering HIV test kits and identified as main advantages the convenience, privacy and confidentiality (5) . They also recommended installing the vending machine in places that could ensure privacy. However, limited access to the vending machine and proximity to the target population were important factors that may have influenced the distribution of the test kits. Thus, placing a vending machine strategically in private, non-stigmatizing and easily accessible locations near high-risk populations could assist our efforts in increasing testing for HIV. Commercial sex venues (CSVs), also known as gay bathhouses and sex clubs, might be an ideal place for such an intervention. Those private establishments have a long history of serving a highly stigmatized and highrisk population (7) , as they provide a safe, non-judgmental environment, as well as anonymity and privacy required for sexual intercourse (8, 9) . A membership or a fee for entrance is necessary to enter the bathhouse. Sex may occur in private rooms, showers, or other public areas, such as orgy rooms or dark mazes. Bathhouses may also offer other services such as swimming pool and Jacuzzis. CSVs are required by Los Angeles County regulations to take preventative measures for HIV and sexually transmitted infections, including signage, free condoms, lubricant and point-of-care testing (10) . Alcohol use and illegal drug use are technically not permitted however enforcement is rare. Studies among bathhouse clients reported high-risk sexual behavior, such as sexual encounters with multiple unknown partners, condomless anal sex and drug use (11) (12) (13) . Additionally, those venues are frequented by a highproportion of individuals who have not been recently tested for HIV (14) .
Our team designed and implemented an intervention that combined home HIV self-test kits with automated vending machines located in two CSVs in Los Angeles, California. The goal of the program was to increase testing uptake among sex club patrons, identify new cases of HIV infection and provide linkage-to-care, when necessary.
Methods

Description of the intervention
The program was conducted between January 2016 and July 2017. Two vending machines (UCapIt, Des Moines, IA, USA) were installed in two CSVs located in downtown Los Angeles. Both machines were located inside the bathhouses in "neutral" areas, such as the on-site STI testing room and the social lounge. The machines were modified to dispense free Orasure TM Oraquick HIV home test kits (Orasure Technologies, Bethlehem, PA, USA). Patrons of the bathhouse visited the vending machine and requested a PIN by sending a text message using their cell phone. Users used the PIN to acquire a test kit free of charge. The withdrawal of multiple tests was allowed and there was no limit to how many times a patron could receive a test kit during the duration of the project.
Each kit contained the manufacturer's instructions for use and local information about medical assistance in case of a reactive test result. Our team attached also a flyer with an invitation to a secure online survey and stickers with the AIDS Healthcare Foundation (AHF)'s 24/7 Linkage-to-Care hotline.
In the event of a positive or indeterminate/invalid test kit result, participants could ask for further testing in the following ways: (I) use the Orasure contact information; (II) directly contacting the AHF's 24/7 Linkage-to-Care hotline or (III) provide their contact information during the survey and a program associate would contact them to assist them with further testing and linkage-to-care.
Data collection
All patrons who received a test kit were invited to fill out a 16-item questionnaire using the above-mentioned attached flyer. Survey participants validated their participation by providing their email address, which was used to avoid duplicate participation. The survey included demographic questions (age, gender, race/ethnicity), test kit use and test result. If the reported test result was positive, information about further testing and linkage-to-care was requested. All participants with a reactive result were offered the option for confirmatory testing and linkage-to-care via the AHF. After completing the survey, participants received a $15 electronic gift card. Regardless of their result, at the end of the survey all participants were encouraged to visit AHF's websites that included information about sexually transmitted infections, HIV and locations of free HIV/STI testing sites.
At the end of the program, baseline survey participants were invited to participate in a second survey. The followup questionnaire included questions about test result, current treatment provider if positive, and testing behavior during the past 12 months. A Likert scale was used to record participants' experience using the vending machine, participating in the program, and testing preferences.
Apart from the surveys, vending machine transactions were recorded remotely via an online platform. This included date and time of dispersal. Multiple test kit requests per participant during the project were permitted.
All databases were extracted to Excel and were analyzed using the IBM SPSS 22.
Costs
We estimated the start-up cost to launch the intervention, which includes the cost of vending machine purchase and installation, and the monthly recurring cost to maintain the project, which included wages, transportation, test kit purchase, and vending machine monitoring service fee. Additionally, we calculated the cost per kit dispensed, by dividing the total cost of the intervention by the number of kits dispensed, the cost per preliminary positive case identified, calculated by dividing cost of the project by the number of self-reported preliminary cases and the cost per case linked by our program, which was calculated by dividing the costs of the program to the number of linked cases.
Program evaluation data
We requested the on-site testing data from the Los Angeles Department of Public Health HIV Testing Services System. Data included all HIV point-of-care testing events, number of positive HIV tests, and demographic information of patrons tested for HIV and patrons with a new positive HIV result between January 1 st , 2016 to December 31 st , 2016 at the two specific program sites. We requested the same data for all the CSVs in Los Angeles County.
IRB approval
The study was approved by the UCLA Office of Human Research Protection with IRB# 13-000293.
Results
Self-testing uptake and linkage to care
Of the 1,398 test kits dispensed, 110 surveys were completed (response rate: 7.9% of all the patrons who received a kit). Survey participants were men with a median age of 33 years (range, 18-56 years). Most of the participants were Hispanic/Latino (34.5%), followed by White (30%), Black/ African Americans (15.5%) and Asian (10%).
The majority of the study participants (91.8%; 101/110) reported that the kit was used and 96 participants (95%; 96/101) reported using the test kit for themselves. Among those who reported using the test kit (101 survey participants), 17 (17.7%) respondents reported a firsttime reactive result, two respondents were not sure of the interpretation of their result and in one case the test kit result was reported as invalid.
The preliminary self-reported HIV positive cases were among Latinos (4/17), multiracial (6/17) and white (5/17) men. Among those reporting a reactive HIV result, seven (41%; 7/17) had already sought confirmatory testing or visited a doctor and four of them (24%; 4/17) had initiated treatment for HIV infection. Two survey participants with a reported reactive result were linked to care at AHF utilizing this program. One participant provided his contact info and requested to be contacted by AHF's Linkage to Care coordinator and the other directly called AHF's support line.
Participants, who reported they had not used the test kit, were also asked for the reasons not using the test at the time of the study. In total, 14 survey participants reported that they had not used their test kits. In five cases the test kit was used by a friend or partner. Two participants reported that the main reasons for not using the test kit were "I don't have the time", "I'm afraid to learn my result", "I don't want to learn my result", but both participants reported they will be using their test kit in the future.
Patterns of vending machine use
During the 18 months of the project, 1,398 kits (nearly 19 kits/week) were dispensed between both CSVs. Kit distribution occurred all days of the week. the days with the highest number of test kit requests were Wednesday (17.7% of distributed kits), Thursday (17.4% of distributed kits) and Saturday (16% of distributed kits). The hours of the day with the highest number of test kit request were 9-10 pm (6.2% of distributed kits) and 3-4 am (5.6% of distributed kits). Nearly 1 out of 5 test kits (21.2%) was requested during hours when point-of-care testing was available.
Follow-up program evaluation survey
All baseline survey participants were invited to participate in a follow-up survey with a flyer attached to the test kit. In total, 12 of 110 men participated (response rate =10.9%).
All participants valued their experience using a vending machine to acquire a test-kit and test as "Positive" or "Very Positive". Using the vending and the self-test kit was easy/ very easy (12/13). All would recommend the HIV test kit vending machine to a friend. The attributes that the participants valued most were the convenience of using the vending machine any time they wished, the privacy ("I can test in the location I desire"), quick return of result and control over health decisions. However, respondents were skeptical about the accuracy of their result compared to traditional testing.
Regarding previous testing behavior, 2 out of 12 (16.7%) of the participants had never tested for HIV before this program. Only 3/12 reported that they had ever used the on-site HIV testing services. One person reported that he received his test kit when there was a counselor present. Half of the participants were willing to pay less than $5 (6/12) to obtain a test kit from a vending machine. Finally, 8/12 would prefer self-testing than testing in a clinic.
Cost evaluation
The total cost for the full duration (18 months) of the program was $58,115.81 ( Table 1) . Each test kit was purchased for $26 and purchasing of the test kits comprised nearly two thirds of the total cost. The cost per kit dispensed when including the total cost of the intervention was $41.57, but when only the recurring cost was included it was $34.42 ( Table 2) .
On site point-of-care testing
Based on the data extracted from Los Angeles County testing services, 1,024 tests were conducted in these two bathhouses in 2016. Testing identified ten new cases of HIV infection that were linked to medical care ( Table 3) .
Discussion
We conducted a pilot project using vending machines to distribute HIV home test kits to patrons of two Los Angeles bathhouses. Our results show that vending machines strategically placed near a high-risk population have the potential to increase HIV testing and identify new cases. Users acquired test kits and the majority of those who selfreported use in survey responses tested near the time of acquisition, while a small number saved them for later use or gave them to their friends. Cases with a preliminary positive result reported that they sought further testing and started treatment. Two participants requested further assistance and linkage through our program. To our knowledge this is the first study presenting the final results of an intervention using vending machines in a CSV. Our team created a novel way to increase testing among a highrisk population alongside currently offered on-site point of care testing. All that, while respecting the privacy and anonymity that patrons seek.
To evaluate the impact of the project in screening for HIV infection and linking to care services, we compared our data to on site point of care testing ( Table 3) . This involves a rapid test for HIV, along with counseling services. During 2016, the on-site testing at those two CSVs conducted 1,024 tests and identified ten new cases of HIV infection. At the same period, our program dispensed nearly the same amount of self-test kits and identified 11 self-reported preliminary positive cases for HIV infection at a much reduced cost. Our intervention demonstrates the potential to increase testing and identify new cases, in addition to the on-site testing services.
There are only a few reported self-testing interventions in CSVs. Woods et al. (2016) (15) distributed self-test kits in a bathhouse in San Francisco and showed that self-testing has the potential to increase testing and reach high-risk groups and persons that don't test often. On another study currently in progress in England, Pollard et al. (2018) (16) used vending machines to distribute self-test kits to a gay sauna in United Kingdom. In 6 months of the project, the team dispensed 204 kits, reaching a high-risk population. Uptake was higher via the vending machine compared to the on-site testing at the sauna over the same period (35 vs. 4.56 tests/month). These results show the acceptability, feasibility and effectiveness of testing interventions in similar settings and underline the need for programs located near the high-risk population.
Despite the success in screening, the most important concern was the proper management of cases with an initial positive result. As part of our approach, the pilot program provided information and help for further testing. Despite our efforts to follow up with all the study participants regarding their results, we were unable to verify further testing and linkage to care for most of the cases. We confirmed only two cases that requested assistance from the AHF linkage teams. Loss to follow-up could be addressed by employing smart devices. In a pilot study that included ten participants, Wray et al. (2017) (17) combined a smartphone application with tracking beacons that notified the team when the self-test kit was opened by the user. Use if this technology enabled the team to perform follow-up and counseling. The intervention was acceptable by the target group and could potentially increase linkage to care.
Another concern was the proper interpretation of the result and the cases of invalid results. The home tests are also designed to be user-friendly and reduce the possibility of misinterpretation (18) . As mentioned before, the program provided user-friendly graphical information on testing interpretation along with the already manufacturerincluded materials. Additionally, the kit includes easy to understand manufacturer's instructions on interpretation, as well as a 24/7 phone line, where the user can call for more information. In a previous study, our team showed that MSM who test using a home test kit were willing to provide a photograph of their result using a secure connection from their smartphone (19) . A program assistant or an automated algorithm could assist in result interpretation and potentially increase referral to a clinic.
Secondary findings
Costs are important for each public health intervention and strategy design and are always taken into consideration by stakeholders and agencies. The present intervention should be compared to the community programs offering targeted testing services. In a program evaluating HIV point-of care testing in pharmacies and retail clinics (20) , the average cost per person tested was estimated at $63.10, after adjusting for inflation (1) . That amount included the start-up cost and personnel training. When the recurring costs only were considered (excluding costs for training and reporting), the cost per person tested was $42.94 (2017 US dollars). In another study evaluating the costs of oral fluid testing in community-based clinics (21) , the cost per client/patient tested was $36.68 for HIV negative patients and $44.42 for preliminary positive case. Personnel costs accounted for the majority of the testing cost. Our project was characterized by a low startup cost that included mainly the purchase of the vending machines, low maintenance cost, since the vending machines did not require technically complicated training and maintenance by expert staff, and low recurring cost largely dependent on the cost of purchasing test kits.
Our project also provided insights on a population that has not been extensively studied. Studying the patterns of vending machine use, we observed increased test distribution rate may reflect the times when the bathhouses are busy. Interestingly, many kits were acquired late at night and early in the morning. Our concern is that patrons would get a kit at the beginning of night to get tested before having sex to prove to potential partners that they were "infection free". Perhaps patrons would get another kit before leaving the bathhouse to either test afterwards or test in the future. Unfortunately, we didn't have the technical capability to monitor when the test kit was used to verify our hypothesis. The UK team that implemented a similar self-testing/vending machine program expressed a similar concern (16). Considering that HIV infection may be missed by the oral fluid test at early stages, the detection capacity of the test, this is an important issue that should be addressed in future interventions with proper education on the importance of frequent testing and protection.
Another observation was that patrons would acquire a test kit, even when point-of-care testing was available on site. Notably, one of the vending machines was located near the point-of-care testing room. Although the number of tests dispensed during testing hours was small, this highlights the importance of offering judgement-free, stigma-free testing that respects anonymity. It should also be noted that test kit distribution was happening 24 hours per day and 7 days a week at times when point-of-care testing was not available (late night hours, holidays, etc.). Self-testing could be an additional strategy to increase the hours testing is offered to a high-risk population, increase locations, offer more privacy.
Our study has certain limitations that should be taken into consideration. First, all survey results are self-reported and the test kit result was self-interpreted, which may result in missed cases. Although test kit instructions were very clear and easy to interpret, our team had no way to verify the positive results of all the preliminary cases. Finally, the small response rate of both surveys does not allow for the generalization of our findings.
While survey response was low, our results demonstrate that an intervention using vending machines and HIV self-test kits in CSVs is acceptable by the high-risk target population and can help identify new HIV cases. We designed a low cost, low maintenance and easy to launch intervention to reach out to populations at-risk for HIV infection, while respecting their privacy. Vending machines could be an opportunity to increase testing for HIV infections or other sexually transmitted diseases among populations or setting with limited availability. Future approaches and programs should focus on ways to increase linkage and retention to care. Programs could benefit from the use of newer technologies, like geotracking devices and smartphones.
